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‘LANGLEY FULL-SCALE-~TUNNEL INVESTIGATION OF THE
FACTORS AFFECTING THE STATIC LATERAT~-
STABILITY CEARACTERTSTICS OF A
TYPICAT. FIGHTER-TYFE AIBPI.ANE
By Roy H. Lange

SUMMARY

The factors that affoct the rate of change of rolling moment
with yaw of a typicel fightor-type al-plsne were investigated in
the Langley full-scale timnel on & typlcal fighber-type alrplane.
Bight rcopresentative Fiight conditlione wero lnvestigated in detsll.
¢ The separato effects of propeller operation, of the wing-fuselage
combination, and of the vertical tall to the ¢ffectlve dihedral of
tho alrplane In each condition were determlined.

The resulte of tho tests showed th:t Ffor the alrplene wlth
the propeller removed, the wing-fuselage combinatlon had positive
dihedral effoct which increased comslderably with increasing angle
of attack for a1l conditions. Flap deflection decreased the dihedral
effoct of the wing-fuselage comblnation slightly as comparod with
that with the filaps retractod. The contribution of the vertical
$ell to C'L-q; of the sirplane with the propeller removed decreased

from gbout 0.0002 at o = 1.0° to zero for angles of attack
greater than 8.9°. Flap defiection resulted in negative dihedrel
effect due to the verticel tell. Propeller operation decreased
the laterel stabllity paremeter of the aslrplane for all the con~
ditions investigated with larger decreases boing measured for the
flaps deflected conditions.

INTRODUCTION

Systematic wind-tummel btests were made in the Langloy full-
scale tummel to determine tho factors affecting the static direc-
+ tional and lateral gtabllity charsctoristics of a typical fighter-
type alrplane. The results ef the direcctional stability tests
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are glven in reference 1. The present report glves the results
of the teats made to determine the lateral stabllity characteristics.

The lateral stabllity tests consisted of the determination of
the rolling mowents of the airplane in yaw for a wide range of
flight conditicns. TFor each of thé flight conditions. Investigated,
teatls vwere mads of the conplsate alrplaxe, of tne airplane less
the propeller, of the sirpians less the vertical teil, azd of the
alrplene less both the propeller and the vertical tall. The
effect of lending-flop dsflectlon on ths lateral stability char—
acteriavics was also anvestigeted. The data thus obtalned pormitied
determinntions of the meparale contributions of the propeller, of
the wing—-fuselage ccmblnazion, and of the vertical tail to the
effective dihedrasl ci the complete alrplane.

SYMBOLS
Cp 1ift coefficient (Lift/q S)
Cy rollirg-moment coefficlent (L/q Sb)
T, effective thrust coefficilent (To/29,D%)
Q, torque coefficient (Q/quDB)
L moment about X-axla; positive when it tends to depress
righkt wing ' . -
Ty effective propeller thrust (¥p — Xf)
Zn resultant, force along X--axis with propeller operatling
X force along X-axie, propeller removed
Q propellor terque
D propeller dlameter (13.08 ft)
g wing area {334 sq £t)
b wing span (42.83 ft)
W angle of yaw, degﬁeéé;'pdsitive,with left wing forward
a angle of attack of fuselage reference line relative to

free—stream direction, degrees
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Bp engle of flap deflection, degrees
g propeller blade angle at Q.75 radius, degrees
q, free-stream dynsmic pressure
Vi indicated airspeed
Ty, rate of change of €3 with respect to 13 » ﬁer degree
:EC-;\lIt . in.crement of 07\&; contributed by the v_er'bica.l tall

5 )
( Z‘V(tail installed) (tail removed)

ATRPLANE

The tests were made of the Grummen X¥W6F-h, which is & low
midwing single-place fightier airplane welghing about 11,40Q pounds
and equipped with a Pratt & Whitney R-2800-27 englne rated at
1600 horsspowe:r at 200 rpm at an sltitude of 5700 feet. A
three—view drawlng or the airplane showing the principal dimensions
and surfece srees 1s given In figure 1. Detalls of the vertical
tall surfece are given in figure 3 of reference 1. FPhotogrephs
of the ailrplane mounted on the balance-support struts in the
Langley Tull-scale tunnel are given as figure 2. The verticsal
tail was removed frox the elyplane for sone of the tests and was
replaced by a fairing shown in the photograph of figure 3.

METHODS AND TESTS

'I‘ests. A1l the tests were mede with the alrplane la.nding
geer retracted and the cowling flaps closed at & tunnel airspeed
of approximstely 60 milses per hour, which corresponds to &
Reynolds number of approximetely 4,380,000 based on & mean wing
chord of T.80 feets. The rudder was locked in the neutral for all
the tests with the verticsl tail in place. No attempt was made
in the testes to d.uplica.te the "blow-up" characteristics of the
landing flaps. _

The separate effects of the slrplane component parts on the
rolling moments of the complete airplanc were determined for the
elght representative fllght condlitiorns summarlized in teble I,
Forves and moments were measured on the alrplane for each
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flight condition at approximately 5 Increments of angle of yaw
between +15°, For each flight condltion, .tects were made of the
alrplane with the propeller both removed and operating and with
the verticel tell surface both removed end in place.

For the tests wlth the propellesr cperabing, it was desired
to simuiate tus variastions shown in figure 4 of thrust and torque
coefficlent with 1ift coefficilient for comstent--power operation
at sea level. It was found that these relationships could very .
nearly be reproduced vwith a constant propeller-blade-angle setving -
of 24.8° measured at the 0.75 radius; hernce, this blade-angle
setting was used for sll the tests.with the propeller operating.
A comparison of the veriation of thrust ccefficlent with torgque
coefficlent for constant-powsr creration and for tle propeller
with a blede--angle setting of 24.8° measured at the 0.75 radlus
1s shown in figure 5. For the 1ldling-power conditions, the engine
was run at the lowest speed considered possible (700 rpm) without
foullng the ergine spark plugs. The thrust and torgue coeffl-
cilents thus obtained for the idling power conditions were 0.0l
end 0,005, respectively.

Precision of measurements.— The accuracy of tke results 1s
shovn by the scatter of the test points of figures 6 and 7.
Although considesrable zcatter is shcewn in some cases, it iz
belleved that the fairing of the curves represents e mean evaluation
of the data. Devietlons of the test reaults from zero for eppavently
symnetrical conditions’are probably due.to differences in the air—
plene on the two sildes of the plane of symmetry and to asymmetries
in the tunnel fiow,

FFSULTS AND DISCUSSION

The data are given in standard nondimensional coefficient
form with respect to the stability sxes end center—of—gravily
locatlon shown in figuye 1. The stehility ares are & system of
exes having their origin st the center of gravity and in which
the Z—axls 1s in the plane of symetry and perpendicular to the
relatlve wind, the X-exis Is .in the plene of symmeiry and per—
pendicular to the Z—axls, end the Y-exis 1s perpsndiculer to the
plane of symmetry.

The results of the force tests are ﬁ}van in figures 6 and 7
which zhow the variationa of C3; with for each of the eight
test conditions listed In table I. For each test ccnditlon,curves
are presented for the complete alrplans, for the airplane with

the prorsller removed, for the airplane with tho vertical tail
rewsved, and for the alrplans with both the propeller
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and the vertical tell removed. No test pointe are shown in fig—
ures 6 and 7 for the propeller reamoved data as these data were
obtalned frem faired curves. Values of 07'\’1 for the complets

airplane in sach flight atiltude investigated are glven 1n table 1.
Fron thess vaiues of CI the effective dihedral can be deberained,

szsuming that = Cl. of 0.000:. is equivalent to 1° of effective
dihedral. s

Teats wita Propeller Removesd

¥Winz-fuselage combirgtion.- Values of C; v for the wing—

fuselags comblration are shown plotted in figure 8 as a furction of
angle of atteck for fleps rotracted end flaps deflected 50°, These
values of C;l were obtaired from tho resulits shown in figurs 7 at

small angles gf yaw (between ¥ = ¥5°) for the airplane with the
propeller ard the vertical tail removed. As shown in figure 8 the
wing—fusslage comblnetion has positive Glhedral effect wkich
increases witb angle of attﬂck both with the flaps retracted and
with flaps deflscted 50 With f£laps retracted the value of sz

increased from 0.0012 &t o = 1.0° to shout €.0022 et o = 12.3%.
Flap deflecticn decrsased the value of 07'1'; slightly throughout

the angle—of-attack range investigatbed.

Tkeoretical ccmputations were mede 1n an effort to account for
the large Increases in Cz\;f with angle of attack. The results of

these corputations given in figure 16 of reference 2 indicate a
value of C; for the wing alone of 0,00146. No account is taken

in the theory for ths effect of wing—tip shaps. Reference 3 shows
large increases in the value of CT"\U with angle of attack for &

wing heving blunt tips., It 13 sxpascted from the date of refer-
ence 4 that the low midwing positicn on this alrplane would pro~
duce wing-fuselege interforence tending to decirease the valus

of CIIEI vith angle of attack., It is indlcated, therefcre, from

the date of figure 8 that the effects of blunt wing tips predominste.

Vexrtical tail.— The incrementé of G.ZW et smell angles of

yaw (W= %50) due to the addition of the vartical tail to the
alrplane gre given in figure 9. With the flaps retracted, the
contrlbution of the vertical tail to C, v desreeses from

sbout 0,0002 at o = 1.0° +o sbout O for angles of attack greater
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then 8.9°, {See fig. 9.) At low angles of attack the center of
pressure of the vertical tall is above the center of gravity of
the alrplane which results in an lncrement of positive dihedral
ef'fect. The flow conditions of the tall are such as to produce a
small decreese of CZQf with engle of attack., (See reference 1.)

It 1s believed, howevrer, that as the angle of attack is increased
the center of pressure of the vertical tail is lowered with reczpect
to the center of gravity of the alrplemne and thus has the preduninate
effect on the decrease of acaht

Flap deflection resulted ln negatlive dlhedral effect due to
the vertilcal tall throughout the range of angle of attack investi-
gated. (See fig. 9.) While the reason for this change in the
Increment of Cr¢ due to the vertical tall with flap deflection

is not apparent, 1t is believed that change in flow condltions
at the tail due to flap deflecticn may be the cause for thisz change,

Effects ¢t Propellier COperation

The vealues of Czﬁf of the complete alrplane with the pro—

peller operating were cbtelned from flgure 6 and are listed in
table I and are campared with the values of Cz¢ for the alrpiane

wlth the propeller ramoved. For the airplans with the flaps
retracted and deflected 50 s propeller operation decreased the
values of Czqf at englez of yaw between *5° for all the conditions

investigated. With the Tlaps retracted a slight incresse in
effective dihedral wiith angle of attacik was noted. These results
are not what would noimaelly be expected inazmwuch as previously
published data for thls eirolane end dmts for other airplcnes

of similar type indicate a ducrease 1n effective dlhedra’ with
increasing angle of attack. With the flaps deflected 50° the
decreare of effactive dihedral due to propeller operation was
gbout 0.0001 for the landing condition (idling power, T, = 0,01},
about 0.0007 for the eppromch conditlon (0,65 rated power,

To = 0.33), and sbout 0,0009 for the wavo~off conmdition (rated
power, T, = 0.51), as shown in table I.

The decréase in effectlve dlhedral caused by propeller opera—
tion is due mainly to the fact that, when the airplane 1ls yewed,
the slipstresm is deflected over the trailling-wing pansl which
increases the dynamic pressure, and conssauently, the 11ft of the
trailing wing. Thie increased trailing-wing l1ft producez rolling
mamsents wkich tend to decrease the sffective dibedral. The
rotational compenent of the propeller slipstream tends to incrsase
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the effectlve dlhedral as indlicated by the sldewash angle values
given in reference 1; however, this effect 1s overbalanced by

the sllpstream action on the yawed wing as showa In table I.

These efrects are larger with the flaps dsfTiected because the 1ift
increment due to the propelilsr slipatresm over the wing with flaps
def'lectad ls greater tuan with the flaps retracted.

The eifect of propeller operation on the effective dlhadral
of the wing-fuselage conbination is shown 1n Tigure T which prassnis
tall-removed curves of €3 veraus V for the airplane with both

the propeller operating and with the propeller removed, Values
of 01$ of the wing fuselsge combination at smell engles of yew

with the propeller ope.ating are summarized 1n teble I foi all the
conditions investigated. Values of CZW for correepornding angles

of atteck but with the proneller rsucved are also given iIn teble I
for comparison. The curves of Tigure T with the propellers operating
includes both the direct effect of the propeller forces and the

erfect of slipstrsam pass:.ge over tlue wing-fuselags combination.

As shown by tables 1, propsller cnerstion decreased the dihedral
effect of the wing-fuselage combinatlon appreclably for all con-
ditions except those with 1dlirng powsr. For the two idllng-power
conGitlons (gliding end landing} the effect of propeiler operation
wes negligible. As expected, the decrease In dihedral effect due
to propeller operatlon was greater foxr the flaps—deflectsd condi—
tions thar for the flaps-retracted ccnditioms. TFor the wave-off
condition (ratéd power T, = 0.51), tre valus of Clﬁ; of the

wing—-fuselage combination waas decreazed 0.0011 a= a result of
propeller operation, At ths seme thruast coeffilcient but with flaps
retracted (climb conditionL the vaiue of CZ\& of the wing—fuselage

combination decreased only 0.0002 dne to propeller oparation,

The effects of tha propeller slipstresm on the contribution
of the vertical tall to the effective dibsedral 1s shkown in table IX
which glves increments of Chb dus to the vertical taill with the

propeller removed and with the propeller operating. The results

o tabls 11 show no conslstent variations of iﬁzﬁ with propeller
.‘.-’t

operation; howesver, the effects of the propellcr slipstream on the

sontribution of the vertical tail to the airpiane effective dihedrsl

are generally smail.
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SUMMARY. OF RESULIS

Deta ere presented of measurements mede in the Langisy full-
Bcale tunnel on a typicel fighter-type airplene to investigets
the factors affecting the rate of change of rollirg mouent with
yaw of a fighter-t7peo airplane. Although these data are quanti-
tetive for thisg particular salirplone, the trends ars belleved to
bs genersally epplicable to reascnably similar eirplesnes. The
results are sumearized ms follows:

1. With tie flans boih retracted and deflected 509, the wing-
fuselage combinstion with the propeller removed hed positive
dihedral effect at angles of yaw between 15° which increased
conslderably with Increasing engle of attack,

2, Flap deflection decreased the laberasl-stabllity
persneter CEW of the wing-fuselage combinatlon with propeller

removed slightly at small angles of yaw as campared with that
obtalned with flaps retracted.

3. For the alrplane with thse dropsller removed end with flaps
retracted, the contribution of the verrlcal teil to Cky

decreesed from about 0,0002 at o = 1.,0° to about zero ror angles
of attack greater than 8.9°. Flap deflection resulted 1n negative
dibedral effect due to the vertlcal tall throughout the range ol
angle of attack investigated.

4, Propeller operation decreased the lateral stability
perameter of the alrplane &t small angles of yaw for &1l the con-
ditlons investigated. Witn the flaps retracted the sffect of
popeller coperation was small; however, with the flaps deflec~
ted 50° the decreasc of effective dihedral due to propeller
operetion was about 0.0001 for the landing condition,
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gbout 0.CO07 for the landing-approech condition, end ebout 00,0009
for the wave—off condltion.

Lergl ey Memorial Asrorawtical Labcratory
Mational Ad7isory Committees L0y Asroiautics
Langley Field, Vaa
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TABLE I.- EFFECT OF PROPELLER OFERATION ON THE VAIDES OF cl‘lf OF THE
COMPLEYE ATRPLANE AND OF THE WING-FUSELAGE COMRINATION

i c
1
of
Canditl Power % | @ |0 iete alrpiane |Wingfus lage cambinati
on . =} i ~fuselage ¢ on
(dea) |(deg) (a) | i -
Propellsr|Propellsr Propeller | Propeller .
cperating]| removed cperating ramoved
Climb Rated (T, = 0.05) 0 | 1.0/0.24| v.001% | 0,001k 0.0009 | v.0012
C1imb Rated (T, = 0.11) 0 3.4 431 001k 0017 L0011 L0014
¢linb Rated i-rc = 0.30) o | 8.9] .96] .c018 0020 0016 .0020
Climb Rated (T, = 0.51) 0 {12,3]1.39] .0020 .0022 0020 0022
G1ide Idling (T, = 0.01) 0 {9.2{ .83] .0019 .0020 0019 0020
landing epproach| 0,65 rated (Tc = 0,33)] 50 5.8(L.37| .0006 0013 L0008 L0016
Wave-off Rated (T, = 0.51) 50 | %.9(1.39{ .0003 0012 000k 0015
Lending Tdling (T, = 0.01) 50 {11.8{1.58] .0015 L0016 .0021 0020

gTIOT “ON W VOVN

Byalues glven for Cy, are values with the propeller operating.
bVa.lues given for slopes are average values between Vf = 5° and Y = —50.

NATIONAL ATVISORY
COMMITTEE FOR AERONAUTICS

ot
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TABLE II.— CONTRIBUTION. OF VERTICAL TAIL TO 07'1{}

LG, ey
Condltion [ (d,: Of ) .
&) (deg) Propeller Propeller
operating removed
Climb _ | 1.0 0 0.0005 0.0002
Climb 3..l; 0. .0003 .0003
Climb 8.9 -0 .0002 0
Climb 223 0 o 0
Glide G.2 0 0 0
Landing epproach 5.8 50 -.0002 ~.0003
Wave off 4.9 50 -.C001 ~+0003
Yending ] 1.8 50 ~.0006 ~.000k

8values given for slopes are average values between V = 50
end Y= —5°,

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Wing area (including ailerons, flaps, and

48.5sq fl of body area) . ..., . ............ 334sq
Control surface areas:
Full flap area (NACA sloHed) ....398sq 1t
7otal horizontal tall surface area. ..77.84 sq ff
Fin area (incl. 1.9 sq It of contained
rudder balance).................... 149.4 sq 1t
Rudder area aft of hinge
(incl. 0.62 sq ft of tab).............. 9.0sq It
Engine. ........ Pratt ond Whitney R-2800-27

. BHP normal rating, 1600 at 2400 rpm at 5700 fi
Hamilton Standard Hydromatic Propelles
Blade Design 650/A-0
A Propeller gear ratio, 2:/
Gross weighl, 11,400 /b

_——

-@=/ === flhedral

1 - - - = -
| )\t ot 2226 percent mAC
Fuselaga reference /ina

NATIONAL ADVIIORY
COMMTTEE FOR ALRORAUTICR

Figure [.— Three-view drawing of the airplane.

8T I9T 'ON INY VOVN

T ‘31



NaCA LMAL
4(Q13

LT A

(a) Front view

Figure 2.- Airplane mounted for tests In the Langley full-scale tunnel,
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(b) Side view.

Figure 2.- Concluded.
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Figure 3.- Thres-quarter side view of airplane with vertical tail removed and tail
fairing Installed.
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Fig. 5 NACA RM No. L6L18

Horsepower — Engine ripm
Rated power /600 2400
——— Q.65 rared pover /040 /960
------- B, 24.8° measured at 0.75 R

N

Rated po\mer
[
Q 0.65 rated power | |
<& 08 1 o' \ == ‘
-'é‘ . (5 3 24'8\ \ s - |
QL L - -
S o4 P
%’ r NATIONAL ADVISORY
g- e | COMMITTEE FOR AERONAUTICS
1S O

o
~

2 .3 A o) 6
Thrust coefficient, Iz
Flgire S. - Comparison of variation of Tz with Q.
for constant-power operafion and for
the propeller with blade &mg/e fixed
of 24.8° at 0.75 radius.
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Fig. 6b
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Fig. 7b
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Fig. 8
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Fig. 9
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